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EXECUTIVE SUMMARY

Problems and Objectives: The current oil drain criteria for preservative engine oil (PEO) is five
hours. This results in excessive waste oil for disposal. The objective of the project was to investigate
and validate methods to enhance and extend the service life of MIL-PRF-21260 oil when used for the
preservation of U.S. Army vehicles and equipment.

Importance of Project: This project addresses important environmental issues regarding the reduction
of the amount of waste oil that must be disposed of in a safe and environmentally sound method.

Technical Approach: An appropriate oil drain interval will be determined experimentally based on the
remaining preservation properties in used oil. Analytically, methods will be investigated to find a method
of defining the remaining preservative life of a used oil. The revised oil drain criteria and analytical
methods will be verified in a field test.

Accomplishments: A revised oil drain interval of 50 hours was defined, validated and recommended.
Military Impact: Revision of two technical manuals is recommended to reflect the new oil drain

criteria. Adoption of the new PEO oil drain interval will reduce waste oil for disposal and could reduce
costs by as much as $525,000 per year.
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ACRONYMS & ABBREVIATIONS

TARDEC = U.S. Army Tank Automotive Research, Development and Engineering Center
TFLRF =U.S. Army TARDEC Fuels and Lubricants Research Facility
PEO = Preservative Engine Oil

TM = Technical Manual

AOAP = Army Oil Analysis Program

GNG = Go-No-Go

HC = Humidity Cabinet Test

SW = Sea Water Immersion Test

AN = Acid Neutralization Test

GM = General Motors ‘

DDC = Detroit Diesel Corporation

AWR = Army War Reserve

DF2 = diesel fuel No. 2

SAE = Society of Automotive Engineers

DC = Daily Driving Cycle

HMMWYV = High Mobility Multipurpose Wheeled Vghicle
RPM = Revolutions per minute

TGA = Thermal Gravimetric Analysis

SwRI = Southwest Research Institute

°F = degrees Fahrenheit

Ib-ft = pound-foot

Ib/hr = pound per hour

FT-IR = Fourier Transform Infrared Analysis

TBN = Total Base Number

R? = squared correlation coefficient

cm! = reciprocal centimeters

wt% = weight percent

°C = degrees Centigrade

SEP (CV) = Standard error of prediction, cross validated
F=Fail

P =Pass

USMC = United States Marine Corps

PS = powershift

THM = Turbohydromatic

ECS = Equipment Concentration Site

IMD = Intermediate Maintenance Division
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. INTRODUCTION AND BACKGROUND

The military uses Preservative Engine Oil (PEO) (MIL-PRF-21260) (1) to protect equipment in sto.rage
from corrosion. PEO is the preservative/operational oil that remains in the equipment when removed
from storage and is used until the next oil drain is designéted by the Army Oil Analysis Program (AOAP).
PEO consists of heavy-duty diesel engine oil with a supplement anticorrosion additive. PEO preserva-
tion properties are determined by three corrosion bench tests: Humidity Cabinet Test, Acid Neutraliza-

tion Test, and Sea Water Immersion Test. The details of these bench tests are presented in Section III.

This project addressed the extremely short oil drain interval specified for PEO by Army doctrine. The
Technical Manual (TM-38-450) states that PEO should be changed after five hours of operation. (2)*
This can occur during equipment exercises and off ship maintenance. AOAP tests do not measure the
remaining corrosion protection in a used PEO. This can only be determined by running the three corro-
sion bench tests. The short oil drain requirements for PEO contribute to a waste stream of used engine
oil that is costly to dispose and potentially damaging to the environment. It has been estimated that one
quart of used oil can contaminate 1,000,000 gallons of drinking water. The potential benefits of extend-

ing the PEO drain interval include the following:

» Reduced cost of used PEO disposal

» Reduced cost of used oil filter disposal
» Reduced cost of new PEO procurement
» Reduced cost of new oil filters

» Reduced cost of maintenance labor

A quantitative cost savings analysis based on the results of this project is presented in Section X.

. OBJECTIVE AND APPROACH

The objective of this project was to reduce the quantity of a waste stream (used oil). Project effort was
to investigate and validate methods to enhance and extend the service life of MIL-PRF-21260 engine oil
when used for preservation of Army vehicles and equipment. The approach included the following

three project objectives:

*Numbers in parentheses represent references at the end of the document
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« Define appropriate PEO drain interval with controlled engine tests.

+. Develop a quick Go-No-Go (GNG) methodology to determine the remaining preservation life
of used PEO.

« Validate the new PEO drain interval and GNG test with a field demonstration.

The documents that will be modified upon successful completion of this project are:

« TM 38-450 “Storage and Maintenance of Prepositioned Material configured to Unit Sets”
« TM 38-470 “Storage of Army War Reserve (AWR) 3 Material Prepositioned Afloat”

lil. PRESERVATIVE OIL BENCH TESTS

MIL-PRF-21260 (PEO) preservation properties are defined by three laboratory corrosion tests.

A. Humidity Cabinet Test (HC)

This test is defined in Federal Test Method 791, Method 5329 (4). In this test, triplicate steel panels
(FS1009) are immersed in PEO at 25°C, and then suspended in a humidity cabinet at 49°C for 30 days.
At the end of the test, the panels are rated for rust and corrosion spots. A fail is defined as 4 or more
spots on the panel or any one spot greater than 1 mm in diameter. Both sides of the panel are rated with
these pass/fail criteria for all 3 bench tests. Figure 1 shows a new steel panel, and Figure 2 shows a

severe failing panel.

Figure 1. New/Passing Panel
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Figure 2. Severe Failing Panel
B. Sea Water Immersion Test (SW)

This test is defined in specification MIL-PRF-21260. In this test, triplicate steel panels (F S1009) are
immersed in PEO at 25°C then placed in synthetic sea water at 25°C for 20 hours. At the end of the test,

the panels are rated for rust and corrosion spots as described previously.

C. Acid Neutralization Test (AN)

This test is defined in specification MIL-PRF-21260. In this test, triplicate steel panels (FS1009) are
dipped in dilute hydrobromic acid (HBr) and then placed in the PEO for five hours. At the end of the
test, the panels are rated for rust and corrosion as described previously. This test was placed in the
specification to protect steel components from the halide acids that are produced by the lead scavenger
additives in leaded gasoline. With the elimination of leaded gasoline from virtually all military ground

systems and equipment, the importance of this test is substantially reduced.

D. Improved Panel Rating Method

A quantitative panel-rating procedure was developed to better differentiate between pass, fail and se-
vere-fail panels. The surface of each panel is rated, averaged by panel, then averaged for the three panels

for an overall average panel rating for a given oil sample. The rating guideline is shown in Table 1.
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Table 1. Rating Guideline for Corrosion Panels

PASS Description

1 Clean

2 Border pass no more than 3 spots less than 1mm

FAIL

3 Border fail 4 spots

OR  no corrosion in significant area

OR  one spot larger than 1 mm

5-25 spots

26-100 spots

More than 100 spots, dots, flecks

Combination of spot sizes (1 mm, 2 mm, etc)

Estimated corrosion less than 50%

O oo~NO ;N

Estimated corrosion greater than 50%

The quantitative, numerical ratings were useful in attempting to correlate various property tests with

level of corrosion.
IV. DETERMINATION OF HARD-TIME (FIXED INTERVAL) OIL DRAIN INTERVALS FOR PEO

A. Introduction

Two diesel engines (GM 6.21. and DDC‘6V53T) that are representative of high-density Army engine
families were operated on engine dynamometer test stands under conditions that simulate equipment
usage and maintenance patterns found within the Army War Reserve (AWR). In addition, a 1996 Chevrolet
diesel powered pickup truck was used to age PEO. Used PEO samples were obtained periodically
during the tests and evaluated for their preservation characteristics using the test procedures specified in
MIL-PRF-21260. The fuel used for all engine dynamometer testing was reference DF2. Commercial
low-sulfur diesel fuel was used in the pickup truck. A single batch of MIL-PRF-21260 PEO was used
for the engine tests. The properties of the PEO are presented in Table 2. A sample of an Army SAE15W40

engine oil (MIL-PRF-2104E) (Ref.) was evaluated in the three corrosion bench tests to determine the

4




extent of preservation offered by current engine oils. This oil failed the HC test in 3 to 7 days, and also

severely failed the SW and AN tests.

TABLE 2: PEO Properties

Property AL-24841
KVIS 40°C cST, D445 109.85
KVIS 100°C cST, D445 14.43
VI, D2270 134
HTHS VIS CP, D4624 150°C 3.87
FLASH PT°C, D 221
POUR PT°C, D -33
SULFD ASH %, D 1.037
TAN, D664 3.17
TBN, D4739 7.84
API GRAVITY,®, D287 27.9
TFOUT MINUTES, D4742 157
$.,%, by XRF 0.65
ICP PPM D5185, PPM
CA 1526
MG 546
P 1199
ZN 1889
AG ' <1
AL 1
B <1
BA <1
CR <1
cu >1
FE 3
NA 6
NI <1
PB <1
sl 8
SN 2
e B1PR R VAT
HUMIDITY CABINET FTM791
METHOD 5329 30 DAYS PASS
SALT WATER IMMERSION TEST PASS
ACID NEUTRALIZATION TEST PASS




B. PEO Aged in 1996 Chevrolet 6.5L Diesel Pickup Truck

This vehicle was selected to age PEO because the 6.5L diesel engine is representative of the engine used
in the HMMWYV. It should be noted that the new panel rating procedure was not yet developed when the

initial tests in the pickup truck were conducted.

1. Initial Tests in Pickup Truck
Initially, PEO was aged using the 6.5L Chevrolet diesel pickup truck. The truck was operated at condi-
tions intended to simulate the maintenance cycle of a preserved vehicle. Used PEO samples (500 ml)
were taken at 15-minute intervals for up to 6.5 hours. The daily driving cycle (DC) and sampling

schedule are défined in Tables 3 and 4.

Table 3. Daily Driving Cycle (DC)
1 2 3 4 5 6 7 8 9
Idle Collect Drive Collect Cool Drive Collect Idle Collect
Sample Sample Down Sample Sample
15 min. | If required | 15-20 mn | Ifrequired | 3 hours | 15-20 mn | If required | 15 min. | If required
See map, figure 3
Table 4. Sampling Schedule
Test Cycle Day Tasks

A 1 DC (S1* 82, 83, S4); drain oil

B 2 DC; no sampling
3 DC (S5, S6, S7, S8); drain oil

C 4 DC; no sampling
5 DC; no sampling
6 DC (S9, $10, S11, $12); drain oil

D 7 DC; no sampling
8 DC; no sampling
9 DC; no sampling

Test Cycle Day ' Tasks

10 DC (S13, S14, 815, S16); drain oil

E 1 DC; no sampling
12 DC; no sampling
13 DC; no sampling
14 DC; no sampling
15 DC (817, 518, S19, $20); drain oil

* §1-S20 refers to used oil samples 1 through 20.
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Five hundred ml. of used PEO was removed from the engine at each sample point (51, S2, S3, etc.). The
remaining oil was drained and replaced at the end of each test cycle as indicated in Table 3. Total time

on used PEO was approximately five hours.

The data acquisition system that was installed on the vehicle logged the average operating conditions
every 10 seconds. The coolant temperature, oil sump temperature, intake air temperature, oil pressure,
and RPMs are shown in Figures 4-6 for a representative daily driving cycle (DC). Each stage of the DC
is labeled in Figure 4. The engine was idled for 15 minutes, an oil sample was taken, and the truck was
driven for 6.5 miles (approximately 25 minutes). Another oil sample was taken before the three-hour
cooldown period. The process was then repeated for the second half of the DC. The same stages can
easily be seen in Figures 5 and 6 for the oil pressure and engine RPM. Twenty used oil samples were
taken during the oil aging. The used oils were evaluated for preservation quality using the corrosion
tests specified in MIL-PRF-21260: HC, SW and AN. Because of limited HC space during this test
sequence, the HC samples were tested in duplicate, not triplicate. The results are presented in Table. 5.
All 20 samples passed the AN, SW and HC tests. These samples were used in the development of a
GNG test as discussed in a following section. In conclusion, the PEO that aged up to 5.8 hours in the

pickup truck did not degrade the preservation properties of the oil.
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2.

Another series of PEO aging tests were conducted using the 6.5L Chevrolet diesel pickup truck. The
procedure was modified to accelerate the accumulation of time on the oil. In this procedure, the truck
was idled for 15 minutes, then driven over the SWRI course of Lap 1, then idled 15 minuteé and driven
lap2. This cycle was repeated for five laps, and then the truck had a two-hour cooldown. Three addi-
tional laps, with 15-minute idles interspaced in the afternoon, were made for a total of approximately
5.3 hours of operation per day (3.3 hours driving and two hours idling), as shown in Figure 7. The
average oil sump temperature during a lap was 186°F; engine speed averaged 802 rpm during a lap, and

vehicle speed averaged 17.7 mph. Used PEO samples were taken at 5.3, 10.6, 15.9, 21.2,26.5,42.4,53

Accelerated Tests in Pickup Truck

10

TABLE 5: Results of PEO Aging in Pickup Truck
Total Time on | Humidity Sea Water Acid Corr Test | TBN TGA
Oil, hrs Cabinet Test D-479 Soot %
Sample #1 0.25 2 pass 3 pass 3 pass 7.18 0.00
Sample #2 0.58 2 pass 3 pass 3 pass 1.04 0.2
Sample #3 091" 2 pass 3 pass 3 pass 1.02 0.1
Sample #4 1.16 2 pass 3 pass 2 pass 1.23 0.2
1 fail
Sample #5 1.41 NT* 3 pass 3 pass .41 0.00
Sample #6 1.74 NT 3 pass 3 pass 7.53 0.1
Sample #7 2.07 NT 3 pass 3 pass 7.81 0.00
Sample #8 232 NT 3 pass 3 pass 763 0.00
Sample #9 2.57 2 pass 3 pass 3 pass 6.77 0.1
| Sample #10 29 2 pass 3 pass 3 pass 1.26 0.1
Sample #11 3.23 2 pass 3 pass 3 pass 748 0.1
Sample #12 3.48 1 pass 3 pass 3 pass 7.54 0.1
1 fail
Sample #13 313 2 pass 3 pass 3 pass 7.53 0.1
Sample #14 4.06 2 pass 3 pass 3 pass 1.51 0.1
Sample #15 4.39 2 pass 3 pass 3 pass 6.91 0.2
Sample #16 4.64 2 pass 3 pass 3 pass 6.62 0.3
Sample #17 4.89 2 pass 3 pass 3 pass 131 0.1
Sample #18 5.22 2 pass 3 pass 3 pass 1.74 0.00
Sample #19 5.55 2 pass 3 pass 1.44 0.00
Sample #20 5.8 2 pass 3 pass 3 pass 7.54 0.1
*NT = Not Tested, no space available in humidity cabinet




and 79.5 test hours. Results for the SW, AN and HC tests are shown in Table 6. The only fail result was

for the 79.5 hour sample in the AN test.

3. Extended Tests at Idle in Pickup Truck

The effect of extended engine operation at idle conditions on PEO performance was determined in the
1996 Chevrolet 6.5L Turbo Diesel Pickup Truck. Used PEO samples were analyzed after 50, 100, 125
and 150 hours of idle. Results are presented in Table 7. No oil was added during the test. After 150

hours of idle, the SW and HC tests were still a pass. The AN test failed at less than 50 hours.

35

4 S5 8 7 8
Time, hours

Figure 7. Vehicle speed during a day of accelerated operation

TABLE 6: Results of PEO Aging in Pickup Truck, Accelerated Cycle

Total Time on | Humidity Sea Water Acid Corr Test | TBN TGA

0Oil, hrs Cabinet Test D-479 Soot %
Sample #21 53 3 pass 3 pass 3 pass 6.93 0.1
Sample #22 10.6 3 pass 3 pass 3 pass 1.10 0.0
Sample #23 159 3 pass 3 pass 3 pass 1.76 0.0
Sample #24 212 3 pass 3 pass 3 pass 16 0.0
Sample #25 26.5 3 pass 3 pass 3 pass 14 0.0
Sample #26 424 3 pass 3 pass 3 pass 16 P*
Sample #27 53 3 pass 3 pass 3 pass 74 IP
Sample #28 79.5 2 pass 3 pass 3 fail 48 IP

1 fail

*IP=Test in Progress
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TABLE 7. Idle in P/U Oil, AL-24841
Sea Water Humidity
Acid Neutralization Immersion Cabinet KVIS, 100°C | TBN
Test Hours . : : X D4739

Panels Rating Panels Rating Panels Rating cst
50 3 fail 4.0 3 pass 1.0 3 fail 33 14.6 7.7
100 3 fail 47 3 pass 1.0 3 pass 1.3 14.6 7.6
125 3 fail 5.0 3 pass 1.0 3 pass 1.7 14.6 7.7
150 3 fail 5.0 Zpass |53 2 pass 23 14.8 7.5

1 fail 1 fail

4. Results from Oil Aged in Pickup Truck

The following results are drawn based on the investigations of PEO aged in the 1996 Chevrolet 6.5L

diesel pickup truck:

«  Used PEO retained full corrosion protection during the initial 5.8 hours of mixed stop and go
light-duty driving.

«  Used PEO retained full corrosion protection in the HC and SW tests for over 80 hours of mixed
stop-and-go, light-duty operation. The AN test was passed at 53 hours, but failed at 80 hours.

« Used PEO retained full corrosion protection in the HC and SW tests for over 150 hours at
engine idle conditions. The AN test failed at <50 hours.

-  Excellent corrosion protection was retained in the SW and HC test for a minimum of 80 hours.

C. PEO Aged in GM 6.2L Diesel Engine

PEO was aged in a GM 6.2L diesel engine mounted on a dynamometer test stand. The GM 6.2L, 4-
cycle, indirect injection diesel engine is used to power the HMMWYV. A description of the engine is

presented in Table 8. A photo of the engine mounted in a test cell is presented in Figure 8.

The GM 6.2L engine completed a two-day break-in procedure prior to start of PEO aging. The follow-

ing conditions were used to age PEO in the 6.2L engine:

Series 1 conditions

Speed: 1800 rpm
Oil Sump Temperature: 220°F
Full Load: 273 Ib-fi
Fuel Flow: 40 Ib/hr

12




Table 8. GM 6.2L Engine Specifications

Naturally Aspirated, Ricardo Swirl Precombustion Chamber,

Engine Type: Four-Stroke, Compression Ignition
Cylinders: 8, V-Configuration

Displacement, L (in.%): 6.2 (379)

Bore x Stroke, mm (in.): 101 x 97 (3.98 x 3.82)
Compression Ratio: 21.3:1

Rated Power, kW (BHP): 96.9 (130) CUCV, 107.7 (145) HMMWYV

Rated Torque, Nm (ft-Ib): 325 (240)

Qil Capacity, L (gal.): 6.62 (1.75) ‘
Engine Structure: glaszt) l!:’;)n Head and Block (No Cylinder Liners), Aluminum
Injection System: Stanadyne DB-2 F/I Pump with Bosch Pintle Injectors

e

Figure 8. Installation of GM 6.2L Engine
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Used oil samples were taken at 5, 10, 15, 20, 35, 49, 70 and 119 hours. The used oils were analyzed, and

the results are shown in Table 9.

TABLE 9. 6.2L Engine Series 1 Conditions
Test Acid Sea Water Humidity KVIS, TBN Soot W%,
Hours Neutralization Immersion Cabinet 100°C cst D4739 TGA
Panels | Rating | Panels | Rating | Panels | Rating
5 3 pass 1.0 1 pass 3.0 2pass | 2.0 14.87 6.9 0.2
2 fail 1 fail
10 2 pass 2.3 2 pass 2.0 3pass | 1.3 14.95 6.8 0.2
1 fail 1 fail
15 3 fait 4.7 2 pass 23 3pass [ 1.0 15.09 6.8 0.4
1 fail
20 3 fail 4.3 2 pass 27 3pass | 1.0 15.24 6.7 0.7
1 fail
35 3 fail 6.0 2 pass 27 3pass | 1.0 15.48 6.4 1.1
49 3 fail 6.0 2 pass 3.0 3pass | 1.0 15.82 6.4 1.4
| 1 fail
70 3 fail 6.0 3 fail 3.3 3pass | 1.3 17.68 5.5 2.1
119 3 fail 6.0 3 fail 9.0 3pass | 1.0 19.88 6.1 3.2

FT-IR traces were obtained for each sample and compared with FT-IR calibration standards of the
supplemental anti-rust additive as discussed in a following section. Under these conditions, the sample
lost acid-neutralization preservation properties between ten and 15 hours. Protection in the SW test was

lost between 49 and 70 hours. The used oils still passed the HC test at 119 hours.

In series 2, the oil sump temperature was lowered to 200°F, while the other operating conditions re-

mained as in Series 1.

Series 2 conditions

Speed: 1800 rpm
Oil Sump Temperature: 200°F

Full Load: 273 Ib-ft
Fuel Flow: 40 Ib/hr

Used oil samples were taken at 10, 15,20, 35, 50, 70, 100 and 120 hours. The results are shown in Table 10.
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TABLE 10. 6.2L Engine Series 2 Conditions
Test Acid Sea Water Humidity KVIS, TBN Soot W%,
Hours Neutralization Immersion Cabinet 100°C cst | D4739 TGA
Panels | Rating | Panels | Rating | Panels | Rating
10 3 fail 5.0 3 pass 1.7 3pass | 1.0 15.17 7.6 0.7
15 3 fail 5.0 3 pass 1.0 3pass | 1.0 15.26 7.6 0.9
20 3 fail 6.0 3 pass 13 3pass | 1.3 15.38 75 1.0
35 3fail’ 6.0 3 pass 1.0 2pass | 2.0 16.28 7.0 1.3
1 fail
50 3 fail 6.0 3 pass 1.0 3pass | 1.7 17.36 6.3 14
70 3 fail 6.0 3 pass 2.0 3pass | 20 19.47 6.0 2.0
100 3 fail 6.0 1 pass 3.3 3pass | 2.0 25.04 45 3.1
120 3 fail 6.0 2 pass 27 1pass | 3.0 28.48 4.3 3.8

The AN test failed at ten hours, while the other two corrosion tests continued to pass until 100 hours.

Series 3 conditions repeated Series 2 (1800 rpm, 200°F OST) to confirm the AN test failures at low

hours. The results did indeed confirm that the AN test failed early, as shown in Table 11.

TABLE 11. 6.2L Engine Series 3 Conditions
Test Acid Sea Water Humidity KVIS, TBN Soot W%,
Hours Neutralization Immersion Cabinet 100°C cst D4739 TGA
Panels | Rating Panels | Rating | Panels | Rating
5 3 fail 47 3 pass 1.0 3pass | 1.7 15.29 7.6 0.7
10 3 fail 5.0 3 pass 1.0 1pass | 3.0 15.50 7.0 0.8
2 fail
15 3 fail 5.0 3 pass 2.0 3pass | 2.0 15.90 7.1 1.0
20 3 fail 6.0 2 pass 2.7 3pass | 2.0 16.43 6.9 1.2
1 fail
28 3 fail 6.0 NT 3pass | 1.3 17.44 6.4 1.5
40 3 fail 6.0 1 pass 3.0 3pass | 2.0 18.24 6.2 1.6
2 fail

Series 4 was conducted to better define the point at which the SW test began to fail, while operating at
1800 rpm and 220°F oil sump temperature (Series 1 conditions). The results are shown in Table 12 and

indicate that the SW test begins to fail between 50 and 55 hours under these conditions.
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TABLE 12. 6.2L Engine Series 4 Conditions
Test Acid Sea Water Humidity Cabinet { KVIS, 100°C cst TBN D4739
Hours Neutralization Immersion
Panels | Rating
50 NT 2 pass 23 NT 17.11 6.5
1 BL fail
55 NT 1 pass 3.0 NT 17.91 6.6
2 fail
60 NT 1 pass 3.7 NT 18.93 6.4
2 fail
65 NT 3 fail 3.0 NT 19.54 5.8
70 NT 1 pass 3.3 NT 20.36 6.2
2 fail
NT=Not tested

Series 5 was conducted to better define the point at which the AN test begins to fail, while operating at
1800 rpm and 220°F oil sump temperature. Used PEO samples were taken at 1, 3, 5, and 10 hours of
operation and analyzed in the AN test. The results are shown in Table 13 an indicate that under these

operating conditions, the loss of protection in the AN test occurs within one hour.

TABLE 13. 6.2L Engine Series 5 Conditions
Test Acid Sea Water Humidity KVIS, 100°C cst TBN D4739
Hours Neutralization Immersion Cabinet
Panels Ratin Panels | Rating
1 3 fail 4.0 3 pass 1.0 NT 15.02 7.1
3 3 fail 4.0 3 pass 1.3 NT 15.02 7.1
5 3 fail 4.0 3 pass 1.3 NT 14.83 7.2
10 3 fail 5.0 3 pass 1.3 NT 14.90 7.4
NT=Not tested

Results of PEO aging in the 6.2L diesel engine on a dynamometer test stand are summarized below:

1. 6.2L, 1800 rpm (Series 1,4,5), 220°F OST
AN Test — Fails at <1 hour operation
SW Test — Passes at 50 hours
HC Test — Passes at 119 hours

2. 6.2L, 1800 rpm (Series 2,3), 200°F OST
AN Test - Fails at <10 hours operation
SW Test — Passes at 120 hours

HC Test — Passes at 100 hours
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D. PEO Aged in DDC 6V53T Diesel Engine

PEO was aged in a DDC two-cycle diesel engine mounted on a dynamometer test stand. The 6V53T
engine is used in the M-113 Armored Personnel carrier and is representative of the two-cycle diesel

engine family that is used in many Army vehicles as shown in Table 14. A description of the 6V53T

engine is presented in Table 15, while the engine dynamometer test cell is presented in Figure 9.

Table 14. Army Combat/Tactical Vehicles Powered by DDC Two-Cycle Engines

Designation Description Engine Model
M106A1, A2 Mortar, Self-Propelled (SP), 107 mm 6V-53
M107 Gun, Self-Propelled, 175 mm 8V-71T
M108 Howitzer, Self-Propelled, 105 mm 8V-71T
M109A1, A2, A3 Howitzer, Medium, 155 mm 8V-71T
M110A1, A2 Howitzer, Self-Propelled, 8 inch 8V-71T
M42A1 Gun, Anti-Aircraft, SP 6V-53
M163A1 Gun, Air Defense, SP 6V-53
M113A1, A2 Carrier, Guided Missile, TOW; Personnel, Full-Tracked (FT) 6V-53
M113A1 (Stretch) Carrier, Personnel, Stretched, FT, Armored 6V-53T
M113A2E1 Carrier, Personnel, FT, Armored 6V-53T
M125A1, A2 Mortar, Self-Propelled, FT 6V-53
M132A1 Flame Thrower, Self-Propelled 6V-53
M116 Carrier, Cargo, Amphibious 6V-53
M548 Carrier, Cargo, Tracked 6V-53
M548 (Stretch) Carrier, Cargo, Tracked, Stretched 6V-53T
M551 Armored Reconnaissance/Airborne Assault Vehicle (Sheridan) 6V-53T
M561 Truck, Cargo, 1% T (Gamma Goat) 3-53
M792 Truck, Ambulance, 1% T 3-53
M577A1, A2 Carrier, Command Post, Light-Tracked 6V-53T
M578 Recovery Vehicle, FT, SP 8V-71T
M992, XM1050 Field Artillery Ammunition Support Vehicle (FAASV), FT, SP 8V-71T
M752, M688SE1 Carrier, Loader/Launcher/Transporter (Lance) 6V-53
M667 Carrier, Guided Missile (Lance), Equipment, SP, FT 6V-53
XM727 Carrier, Guided Missile, Equipment, SP, FT 6V-53
M730, A1 Carrier, Guided Missile (Chaparral), SP, FT 6V-53
M730, A2 Carrier, Guided Missile (Chaparral), SP, FT 6V-53T
M741, A1 Chassis, Gun, AA (VULCAN), 20 mm, SP, FT 6V-53
MS8O6E1 Recovery Vehicle, FT, Armored 6V-53
M901, A1 Improved TOW Vehicle Carrier, FT 6V-53
M981 Fire-Support Team Vehicle, FT, SP 6V-53
M1015, A1 Carrier, Electronic Shelter, FT, SP 6V-53
M1059 Carrier, Smoke Generator, FT, SP 6V-53
M113A1, A2 Fitters Vehicle, FT, SP 6V-53
M878, A1 Truck, Tractor, 5 T, Yard Type 6V-53T
M911 Truck, Tractor, Heavy Equipment Transporter 8V-92TA
M746 Truck, Tractor, Heavy Equipment Transporter 12V-71T
M977, 978, 985 Truck, Cargo, Tactical, 8x8 HEMTT 8V-92TA
M978 Truck, Tank, FT, 2500 gal. 8V-92TA
M983 Truck, Tractor, Tactical, 10T, HEMTT 8V-92TA
M984,A1 Truck, Wrecker, Tactical 8V-92TA
M1070 Truck, Tractor, HET 8V-92TA
M1074,M1075 . Truck Cargo, Hy PIS 8V-92TA
M915A2 Truck Tractor, Line Haul 8V-92TA
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Table 15. DD 6V-53T Engine Specifications

Model: 5063-5395

Engine Type: Two Cycle, Compression Ignition, Direct Injection, Turbo-
Supercharged

Cylinders: 6, V-Configuration

Displacement, L (in.%): 5.21 (318)

Bore x Stroke, mm (in.):

9.8x 11.4 (3.875 x 4.5)

Compression Ratio:

18.7:1

Rated Power, kW (BHP):

224 (300) at 2800 RPM

Rated Torque, Nm (ft-Ib):

858 (633) at 2200 RPM

Injection System:

DD Unit Injectors, N-70

Figure 9. Instaliation of DD 6V-53T Engine
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Routine engine break-in of 20 hours at a variety of load conditions was completed before starting oil

aging tests. The data for Series’ 1 through 7 are presented below. Several series of tests were conducted

to determine the effect of used oil soot content on PEO bench-test performance. The used oil soot

content was varied by varying the engine load at 1400 rpm. Series 1 oil aging tests were initiated at the

following conditions:

Speed:
Load:

Oil Sump Temperature:

1400 rpm

430 1b-ft (75% of max)

200°F

Oil samples were taken at 5, 10, 15, and 20 hours, and analyzed. The results are presented in Table 16.

TABLE 16. 6V53T Engine Series 1 Conditions
Test Acid Sea Water Humidity KVIS, TBN Soot W%,
Hours Neutralization Immersion Cabinet 100°C cst D4739 TGA
Panels Rating Panels | Rating | Panels | Ratin
5 3 pass 1.0 3 pass 1.0 3pass | 1.0 14.53 7.7 0.7
10 3 pass 1.0 3 pass 1.3 3pass | 1.0 14.48 7.6 0.3
15 3 pass 1.3 3 pass 1.0 3pass | 1.0 14.36 7.7 0.5
20 2 pass 1.7 3 pass 1.0 3pass | 1.0 14.51 7.2 0.6
1fail

At these conditions, the 20-hour used oil sample passed all three corrosion bench tests.

Series 2 conditions were 1400 rpm, 100-percent load, and 200°F oil sump temperature. Used oil analy-

ses are presented in Table 17.

TABLE 17. 6V53T Engine Series 2 Conditions
Test Acid Sea Water Humidity KVIS, TBN Soot W%,
Hours Neutralization Immersion Cabinet 100°C cst | D4739 TGA
Panels | Rating | Panels | Rating | Panels | Rating

1 3 pass 1.0 3 pass 1.0 3pass | 1.0 14.84 7.9 0.3

5 3 pass 1.0 3 pass 1.0 3 pass |23 15.80 7.2 0.6

10 3 pass 1.0 3 pass 1.0 2pass | 1.3 17.28 7.5 0.8

1 fail
15 3 pass 1.0 3 pass 1.0 3pass [1.0 19.54 7.4 1.3
20 3 pass 2.0 3 pass 1.3 3pass | 1.3 20.84 7.3 1.5
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Series 2 conditions produced increased used-oil soot and oil thickening: however, the AN, SW and HC

tests were still passed by the 20-hour used oil sample.

Series 3 conditions were a repeat of Series 1 conditions, which were run as a quality check. The results

essentially repeated Series 1 results, as shown in Table 18.

TABLE 18. 6V53T Engine Series 3 Conditions
Test Acid Sea Water Humidity KVIS, TBN Soot W%,
Hours Neutralization Immersion Cabinet 100°C cst | D4739 TGA
Panels | Rating | Panels | Rating | Panels | Rating
5 3 pass 1.0 3 pass 1.0 3pass | 1.0 14.82 7.7 0.4
10 3 pass 1.0 3 pass 1.0 3pass | 1.3 14.80 7.9 0.5
15 3 pass 1.7 3 pass 1.0 3pass | 1.3 14.80 7.9 0.6
20 2 pass 2.0 3 pass 1.3 3fass | 1.3 14.81 7.5 0.8
1 fail

Series 4 conditions were 1400 rpm, 50-percent load, and 200°F oil sump temperature

presented in Table 19.

. The results are

TABLE 19. 6V53T Engine Series 4 Conditions
Test Acid Sea Water Humidity KVIS, TBN Soot W%,
Hours Neutralization Immersion Cabinet 100°C cst D4739 TGA
Panels | Rating Panels | Rating | Panels | Rating
5 3 pass 13 3 pass 1.0 2pass |20 14.54 7.6 0.3
1 fail '

10 3 pass 1.0 3 pass 1.3 3pass | 1.0 14.40 77 0.2

15 3 pass 1.0 3 pass " 1.0 3pass | 1.7 14.27 7.8 0.3

20 3 pass 1.0 3 pass 1.0 3pass | 1.3 14.17 7.6 04

At the 50-percent load condition, oil degradation was very minimal in 20 hours and all used oil samples

passed the AN, SW and HC tests.

The oil sump temperature was increased and Series 5 conditions were 1400 rpm, 75-percent load, and

220°F oil sump temperature. The results are presented in Table 20.
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TABLE 20. 6V53T Engine Series 5 Conditions
Test Acid Sea Water Humidity KVIS, TBN | Soot W%,
Hours | _Neutralization Immersion 100°C cst | D4739 TGA
Panels | Rating | Panels | Rating | Panels | Rating
5 3pass | 1.3 3 pass 1.7 2pass |23 14.70 7.6 0.3
1 fail
10 3pass | 1.3 3 pass 1.3 1pass |23 14.54 7.7 0.4
2 fail
15 3pass | 1.0 3 pass 1.0 14.46 7.7 0.4
20 3pass | 2.0 3 pass 2.0 1 pass 23 14.38 7.0 04
2 fail
25 3pass | 2.0 3 pass 2.0 3 pass 1.3 14.28 7.5 0.4
35 3 fail 4.0 3 pass 2.0 2pass |23 14.15 7.5 0.5
1 fail
50 3 fail 4.7 3 pass 2.0 3 pass 1.0 13.83 7.6 0.4

The 50-hour used oil passed the SW test, while the AN test first failed with the 35-hour used oil sample.
The 20°F increase in oil sump temperature did not impact the SW results up to 50 hours. The HC test
still passed at 35 hours. The 10-20 hour HC results are considered anomalies. No makeup PEO was

added during the test.

Series 6 conditions were 1400 RPM, 75-percent load, and 200°F OST. This was an extension of previ-
ous series (1 and 3) to 100 hours, with used PEO samples taken at 25, 35, 50, 60, 70, 80, 90 and 100
hours. The results are presented in Table 21. The AN was a pass through 50 hours, while the SWT test
was still passed by the 100-hour used PEO sample. The HC results between 35 and 70 hours were

borderline fails with extremely light corrosion; however, the HC test was a pass at 100 hours.

TABLE 21. 6V53T Engine Series 6 Conditions

Test Acid Sea Water Humidity KVIS, TBN
Hours Neutralization Immersion 100°C cst D4739
Panels | Rating | Panels | Rating | Panels | Rating

25 |3pass |10 3pass | 1.7 f f::fs 2.7 15.39 8.0

35 |3pass |10 f f:“ss 2.3 3fail | 4.0 16.75 7.3
2 pass 2 pass \

50 i 27 . 23 3 fail 4.0 18.78 6.8

1 fail 1 fail

60 3 fail 43 3 pass 2.0 3 fail 4.0 21.34 7.2

70 |3fal |40 3pass |20 1pass | 55 23.16 7.3
2 fail

80 3 fail 4.3 3 pass 2.0 3pass | 2.0 23.71 7.2

90 3 fail 5.0 3 pass 2.0 3pass | 1.7 28.02 7.5

100 3 fail 5.0 3 pass 2.0 3pass | 2.0 27.65 7.2

NT=Not Tested
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Series 7 was conducted at 1400 RPM, 75-percent load, and 220°F OST for 100 hours. This was an

extension of Series 5. The results are presented in Table 22.

TABLE 22, 6V53T Engine Series 7 Conditions
Test Acid Sea Water
Hours Neutralization Immersion Humidity Cabinet | KVIS, 100°C cst TBN D4739
Panels | Rating | Panels | Rating | Panels | Rating
55 3 pass 1.0 3 pass 2.0 3pass | 1.0 16.11 6.6
60 1 pass 3.3 3 pass 1.3 3pass | 2.0 16.65 7.1
2 faif
70 3 fait 4.0 3 pass 1.3 2pass |23 17.92 6.8
1 fail
80 3 fail 47 3 pass 1.0 3pass | 2.0 20.68 6.6
90 NT 3 pass 1.7 3pass | 2.0 25.02 6.7
95 NT 3 pass 1.0 2pass |23 25.42 6.5
1 fail
100 NT 2 pass 23 3 fail 3.3 27.16 6.5
1 fail
NT=Not Tested

The AN test was a pass at 55 hours, while the SW test was passed at 100 hours. HC tests passed at 95
hours. The increased OST (+20°F) had no effect on time to failure in either the AN or SW tests in the

6V53T engine. The increased OST caused the HC test to fail between 95 and 100 hours.

Results of PEO aging in the 6V53T diesel engine on a dynamometer test stand are summarized below:

L. At 1400 rpm, 200°F oil sump temperature
. SW and HC passed at 100 hours
. AN passes at 50 hours

2. At 1400 rpm, 220°F oil sump temperature
. SW passed at 100 hours
. HC passed at 95 hours
. AN passed at 55 hours

E. Static Aging of Used PEO

An experiment was conducted to determine if used PEO continues to degrade under static conditions

such as a stored engine.
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The effect of static aging at ambient temperature (75°F) on a used PEO sample was determined. The
20-hour used oil sample from the 6V53T engine (Series 2 conditions) was stored in a metal can and
retested monthly for 12 months in the PEO corrosion bench tests to determine if the PEO performances

further degraded under static storage. The results are shown in Table 23.

Table 23. Static Aging Used PEO
Acid Sea Water Humidity
Test Hours Neutralization Immersion Cabinet TBN D4739
Panels | Rating | Panels | Rating Panels Rating
6V-2-20 hours | 3 pass 2.0 3 pass 13 3 pass 1.0 7.3
At1mo 3 fail 4.0 3 pass 1.0 3 pass 1.0 7.1
At2 mo 3 fail 4.0 3 fail 4.0 NT NT 6.9
At 3 mo 3 fail 4.7 2 pass 2.3 3 pass 1.0 6.7
1fail
At4 mo 3 fail 4.0 3 pass 1.0 3 pass 1.0 7.3
At5 mo 3 fail 4.0 3 pass 1.3 3 pass 1.7 6.5
At 6 mo 3 fail 5.0 3 pass 1.0 3 pass 1.0 6.8
At7 mo 3 fail 5.0 3 pass 1.3 3 pass 1.0 6.8
At8 mo 3 fail 5.0 3 pass 2.0 3 pass 1.0 7.7
At 9 mo 3 fail 5.0 3 pass 1.7 3 pass 1.7 7.3
At 10 mo 3 fail 4.3 3 pass 1.0 3 pass 1.0 6.2
At11 mo 3 fail 4.0 3 pass 1.3 3 pass 1.0 7.2
At12 mo 3 fail 4.3 3 pass 1.0 3 pass 1.3 6.5

The corrosion-protection performance of the used PEO in the AN test degraded under static conditions.
No corrosion protection loss was observed in the HC or SW tests through 12 months. TBN did not
consistently decrease over time. Under static storage conditions, PEO corrosion protection was re-

tained for 12 months (except in the AN test).

F. Extended Humidity Cabinet Tests

Extended duration tests were conducted in the HC to assist in understanding the corrosion inhibitor
deterioration with time. Table 24 shows the results. Rust protection was provided for up to 75 days in

the severe humidity cabinet environment for all three used oil samples evaluated.

Sample AL-25687, which had operated 43 hours in a Cummins 6CTA 8.3 engine prior to the HC tests,
passed the HC test after 75 days of storage but failed at 140 days. The extended HC tests demonstrated

that corrosion protection of a used il lasts 2-3 times the minimum requirement for new, unused oil.
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Table 24. Extended Humidi inet Tests

Sample No. AL-25687 AL-25542 AlL-25522
Vehicle Hrs (mi) 43 115 (304)
Equipment M931A2 Grader M1025
Engine 6CTA8.3 Cat 3304 6.2L

Duration, Days

30 3P 1.3 3P 1.0 3P 1.0

45 3P 1.3 3P 1.3 3P 1.3

60 2P, 1F 2.3 3P 20 3P 1.7

75 3P 2.0 3P 2.0 1P2F 2.7

90 3P 2.0 1P.2F 3.3 3F 4.0

140 1P2F 33 NT NT 3F 4.0

NT=Not Tested

V. GO-NO-GO TEST INVESTIGATIONS

The objective of this investigation was to develop and demonstrate a quick GO-NO-GO (GNQG) test to
determine the preservation properties of used diesel engine oil. At present, there is no quick way to deter-
mine if a used oil has retained its preservation qualities. Developing a quick GNG test method will reduce

the number of oil changes, thus the quantity of used oil for disposal, by draining oil only when necessary.

The following techniques were investigated for use as a GNG test method for the remaining preserva-

tive properties of a used oil:

A. Total Base Number

The hypothesis was that loss in corrosion protection of the used oil would follow the loss in TBN. There
are several proven techniques for rapid determination of TBN in a non-laboratory setting. Solid state

microsensors (6), titra lube (7) and the ruler device made by Fluidtec (8) are possible methods.

Examination of the test results in Tables 9-13 for the used oil from the 6.2L tests and Tables 16-22 for

the 6V53T tests shows that used oil TBN does not consistently predict corrosion test performance.

B. Soot Content or Insoluble Content

The hypothesis was that soot accumulation in the used oil would provide a large surface area that would
compete for the anticorrosion additive. The hypothesis was as follows: as soot increased, the PEO

remaining life would decrease. The soot meter (an infrared technique) is portable and quick 9). Ex-
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amination of the TGA soot content of used PEO form the engine dynamometer tests (Tables 9-11 and

16-20) shows that used oil soot content does not predict corrosion test performance.

C. Dielectric Constant

The hypothesis was that changes in the used oil dielectric properties would predict loss in corrosion
protection. The rationale was that used oil contaminants measured by dielectric constant would inter-

fere with corrosion protection. A Northern Instruments LubriSensor Oil Analyzer (10) was used.

The LubriSensor, which measures the lubricant’s dielectric constant, has been quite useful for evaluat-
ing the condition of used engine lubricants, especially when the baseline lubricant is known (Table 25).
Therefore, 14 used PEO samples were selected that had pass, borderline fail, and fail performance in the
PEO bench tests. Lubricants were field samples from Ft. Bliss, Tx. The No. 3 rating is the fail point for
the AN, SW and HC tests. Figures 10-12 show that no real correlation exists between performance in

the PEO bench tests and dielectric constant change from new PEO.
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D. RULER

The RULER device made by Fluidtec™ is a handheld unit that gives rapid indication of oil condition. It

is based on electro-chemical properties (cyclic voltametry) of the used oil (8). The RULER has the

ability to detect additive depletion in lube oil. A brief investigation of the RULER for use in this

application was conducted for TFLRF by the manufacturer. New PEO and the 20-hour and 70-hour

6.2L samples (Table 9) were tested. The actual RULER traces are presented in Figures 13, 14 and 15.

The results are summarized in Table 26.
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Table 26. RULER Results
Corrosion Test Ratings
20 hours 70 hours

AN 43 6.0
SW 27 . 33
HC 1.0 1.3
RULER, Additive Remaining

Area 1 65% 13%
Area 2 71% 38%

In this brief study, the RULER predicted reduced lubricant remaining life for each additive area with
increasing test hours; however, it was not definitive for predicting corrosion protection. A concurrent
investigation using FT-IR looked more promising and was emphasized. Additional investigation using

the ruler might produce definitive results.

E. FT-IR Investigations

Fourier Transform Infrared Analysis (FT-IR) was investigated as a potential method for determining
remaining corrosion protection in used PEO. The envisioned method was based on the hypothesis that
measuring preservative oil additive concentration in new and used lubricants will define the fraction of
the expended preservative protection or the “remaining life” of these lubricants. It was expected that
FT-IR spectroscopy would providé such data. Figure 16 shows FT-IR traces for the PEO additive, a
base oil, and the PEO additive minus the base oil. Figure 17 shows a trace of the PEO additive with key

absorption frequencies identified.
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Noting that the recommended dosage of the engine preservative lubricant additive is 2.2 wt%, calibra-
tion training set samples were prepared within the 0.0 to 3.0 wt% range of the additive in Grades 1 and
2 of SAE 30 base stocks and in fully formulated MIL-L-2104-F lubricants, derived from these base
stocks, to represent finished MIL-L-21260-D engine preservative oils. (Grade 1 base stock: <90%
saturated hydrocarbons, >0.03% sulfur; Grade 2 base stock: >90% saturated hydrocarbns, <0.03%sul-
fur) FT-IR spectra were obtained from each sample. Using the PLSplus™ computer program within
the GRAMS/32™ spectroscopic package, calibration models were built from the individual and combi-
nations of calibration training sets, using various spectral ranges. The applied spectral ranges included
the full wavenumber range of 4,000 to 650 cm™, and restricted ranges of (a) 1,500 to 1420 cm’,
(b) 1,320 to 980 cm™, and 1275 to 790 cm™. Evaluations of these models were accomplished using
validation samples of lubricants that were not part of the training sets. The results of this work are

summarized in the following section.

Calibration statistics on these models are given in Table 27. Two sets of data are given, corresponding
to the maximum in squared correlation coefficient, R?, and those corresponding to a compromise value,
defined at lower number of factors, yielding lower R2. It has been argued that under the compromise
conditions, better FT-IR values may result on unknown samples because the mathematical overfitting of

the model is minimized. The compromise values were used for validation purposes.

Table 27. Calibration Summary for PEO Additive in Base Stocks and Finished Lubricants

Spectral F @ PRESS (min) F @ p<0.75
Filename Range cm” F SEP (CV) R’ F_ _SEP(CV) R’
TM-GR1BS 4000-650 6 0.063 09968 5 0.072 0.9959
TM-GR2BS 4000-650 8 0.084 09944 6 0.096 0.9928
TMGR12BS 4000-650 11 0.080 09940 8 0.083 0.9935
TM2104-1 4000-650 8 0.112 09922 6 0.125 0.9902
TM2104-2 4000-650 6 0.102 09924 5 0.119 0.9893
12TM2104 4000-650 9 0.037 09989 8 0.040 0.9986
Master 4000-650 10 0.090 09923 10 0.090 0.9923
TM2104A1 1500-1420 8 0.260 09428 4 0.282 0.9350
TM2004A2 1500-1420 4 © 0210 0.9617 4 0.210 0.9617
12TM210A 1500-1420 11 0.259 09388 10 0.272 0.9335
Master-1 1500-1420 18 0.227 09517 15 0.240 0.9457
12-2104A 1320-980 11 0.027 09993 7 0.029 0.9993
Master-2 1320-980 13 0.046 09980 12 0.048 0.9978
12-2104B 1275-790 13 0.028 09993 10 0.029 0.9993
Master-3 1275-790 16 0.044 09982 14 0.074 0.9979
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The data indicate that restricting the spectral range to 1,500-1,420 cm’!, inferior calibration statistics

result. Using any of the other frequency ranges, each of the calibration models provide very low cali-

bration error, as expressed by low error, SEP(CV), and excellent scatter, R?, values of the FT-IR data

around the actual preservative additive concentrations. The maximum of the SEP(CV) error is below

is greater than 0.98 (Figure 16).

while the mimimum of indicated R?

>

0.12 wt% of the additive
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Validation experiments were carried out for each of the calibration models using seven fully formulated
MIL-L-21260 lubricants procured from various sources. Table 28 is a validation summary for the
models. Throughout this table, the asterisks (*) indicate outlier data, as identified by the PLSplus
program. The program considers a predicted value an outlier for samples that have probabilities greater
than 99% (or 0.99) that are more than 3 standard deviations away from the rest of the population. The
program applies the F-test to the spectral residuals to check that it is statistically similar to the training

set data of the model. Samples that have F-test values greater than 0.99 are identified as outliers.

Table 28. FT-IR Predicted PEO Additive Concentrations in New MIL-L-21260 Preservatlve
Engine Oils, Using Various Calibration Models

(A) Models Using SAE 30 Grades 1 & 2 Base Stocks Spectral range: 4000-650 cm!

Spectral Predicted Values, wt%, by Models
Oil Samples _ Range, cm™ TMGR1BS TMGR2BS _TMGR12BS

18955 4000-650 6.52* 6.23* 3.71*
19026 4000-650 7.00* 6.81* 4.50*
23882 4000-650 9.28* 9.37* 7.79*
23883 4000-650 5.87* 7.70* 7.24*
24841 4000-650 5.93* 5.50* 3.54*
25063 4000-650 7.44* 6.80* 5.04*
25067 4000-650 6.86* 5.97* 4.30*

(B) Models Using SAE 30 Grades 1 & 2 Base Stocks & MIL-L-2104-F Lubricants Spectral range: 4000-650 cm!

Spectral Predicted Values, wt%, by Models
Qil Samples  Range, cm’” TM2104-1 TM2104-2 12TM2104 Master

18955 4000-650 3.72* 5.30* 2.93* 217
19026 4000-650 4.14* 5.64* 3.68* 2.93*
23882 4000-650 2.24 4.81* 2.43 2.56

23883 4000-650 0.84* 2.16 245 2.45

24841 4000-650 2.07 4.27* 1.96* 1.76*
25063 4000-650 3.06 5.50* 3.06* 2.94*
25067 4000-650 2.74* 5.13* 2.45* 2.49*

(C) Models Using SAE 30 Grades 1 & 2 Base Stocks & MIL-L-2104-F Lubricants Spectral range: 1500-1420 cm-*

Spectral Predicted Values, wt%, by Models
Oil Samples _Range,cm™ TM2104A1 TM2104A2 12TM210A _ Master-1

18955 1500-1420 -1.73* 14.66* 5.11* 7.81*
19026 1500-1420 -0.73* 14.93* 6.50* 7.03*
23882 1500-1420 -2.44 9.35% 243 2.70*
23883 1500-1420 -4.66* 1.49 1.85 2.86

24841 1500-1420 1.64* 18.39* 3.28* 6.06*
25063 1500-1420 0.33 17.71* 3.29 5.83*
25067 1500-1420 0.56* 16.66* 3.37* 7.22*
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Table 28. FT-IR Predicted PEO Additive Concentrations in New MIL-L-21260 Preservative
Engine Oils, Using Various Calibration Models (cont’d)

(D) Models Using SAE 30 Grades 1 & 2 Base Stocks & MIL-L-2104-F Lubricants Spectral range: 1320-980 cm™

Spectral Predicted Values, wt%, by Models
Qil Samples Range, cm”™ 12-2104A Master-2
18955 1320-980 2.87F 453
19026 1320-980 2.93* 4.20*
23882 1320-980 2.26* 2.26*
23883 1320-980 2.22* 2.40*
24841 1320-980 2.83* 4.56*
25063 1320-980 2.39* 3.82*
25067 1320-980 6.34* 4.92*

(E) Models Using SAE 30 Grades 1 & 2 Base Stocks & MIL-L-2104-F Lubricants Spectral range: 1275-780 cm™

Spectral Predicted Values, wt%, by Models
Qil Samples Range, cm™ 12-2104B Master-3
18955 1275-790 2.31* 4.16*
19026 1275-790 2.22* 4.12*
23882 1275-790 2.08* 2.26*
23883 1275-790 2.13* 2.39*
24841 1275-790 2.13* 3.81*
25063 1275-790 1.82* 3.12*
25067 1275-790 2.89* 4.18*

Notes:

TM-GR1BS: PEO Additive in 0S-119596 SAE 30 base stock, grade 1 (4000-650 cm’ )
TM-GR2BS: PEO Additive in 0S-119597 SAE 30 base stock, grade 2 (4000-650 cm™ )
TMGR12BS: Combination of TM-GR1BS & TM-GR2BS (4000-650 cm™)

TM2104-1:  PEO Additive in 0S-119599 SAE 30 MIL-L-2104-F lubricant, grade 1 (4000-650 cm® )
TM2104-2: PEO Additive in 0OS-119600 SAE 30 MIL-L-2104-F Iubncant grade 2 (4000-650 cm b
12TM2104:  Combination of TM2104-1 & TM2102-2 (4000-650 cm™")

Master: Combination of TMGR12BS & 12TM2104 (4000-650 cm’ )

TM2104A1:  As TM2104-1 (1500-1420 cm’ )

TM2104A2  As TM2104-2 (1500-1420 cm Y

Master-1: As Master (1500-1420 cm™)

12-2104A:  As 12TM2104, (1320- 980 cm™)

Master-2: As Master (1320-980 cm’ )

12-2104B:  As 12TM2104, (1275-790 cm™)

Master-3: As Master (1275-790 cm’ )

Grade 1 base stock: <90% saturated hydrocarbons; >0.03% sulfur

Grade 2 base stock: >90% saturated hydrocarbons; <0.03% sulfur

data outliers as determined by PLSplus program

Recommended (expected) PEO additive concentration = 2.2wt%

The following paragraphs briefly discuss results of the validation data in order of presentation .

L.

Models based on the full FT-IR spectra (4,000-650 cm™) of samples on PEO additive in SAE 30

Grades 1 & 2 base stocks (TMGR1BS and TMGR2BS) and their combinations (TMGR12BS) yielded

uniformly bad data as the predicted values were substantially above the expected 2.2 wt% of additive

content. The program identified each of the validation samples as outliers.
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2. Models based on the full FT-IR spectra (4,000-650 cm™) of samples on PEO additive in SAE 30
Grades 1 & 2 MIL-L-2104-F lubricants (derived from the base stocks above) yielded improved values
for the additive contents of the fully formulated MIL-PRF-21260 oils. Note, model TM2104-1 pre-
dicted 2.24 wt% of additive in sample 23882, and the sample was not identified as an outlier. Similarly,
model TM2104-2 predicted 2.16 wt% of additive content in sample 23883; this sample was not identi-
fied as an outlier either. These two validation samples were derived from components in the training
sets: TM2104-1 used SAE 30 Grade 1 MIL-L-2104-F components, while TM2104-2 used the corre-
sponding Grade 2 oil. It was concluded that sample 23882 is a Grade 1 preservative engine oil, while

23883 is a Grade 2 product. These conclusions were confirmed by information from the manufacturer.

The model designated as 12TM2104 is a combination of TM2104-1 and TM2104-2, while the “Master”
model is a combination of 12TM2104 and TMGR12BS. While these various models gave similar but
not identical results on these samples, both of these combination models yielded “non-outlier” additive
concentration data on samples 23882 and 23883. The FT-IR predicted concentration data on the other
validation samples were close to the expected range of values. However, the composition of the other

validation samples was sufficiently different that the program identified those as outliers.

3. Models using the restricted wavenumber range of 1,500-1,420 cm™, identified as C-H deforma-
tion frequencies, gave confusing and inferior predicted values. Such results may be due to interference(s)

by the base stocks or by other components of these lubricants.

4. Models using the combined components of Grades 1 & 2 of the SAE 30 MIL-L-2104-F prod-
ucts, within the restricted wavenumber range of 1,320-980 cm™!, gave encouraging results in six out of
seven validation samples, although all of these data were identified as outliers. In comparison, the
combined model, which included not only the components of the two finished lubricants but also those

of the two base stocks, gave higher than expected, i.e., inferior results.

5. The most encouraging results were obtained on the PEO additive contents of the validation
samples, when the model was based on components of Grades 1 & 2 of the SAE 30 MIL-L-2104-F

products within the wavenumber range of 1,275-790 cm’*, thus including those frequencies where the
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VI. FT-IRANALYSIS OF USED PEO SAMPLES

FT-IR traces were obtained for the used PEO samples from the following sources:

* PEO aged in the 1996 Pickup Truck

* PEO aged in the 6.2L diesel engine

» PEO aged in the 6V53T engine

» PEO aged in service by USMC, Blount Island, Fl

« PEO aged in Field Demonstration at Ft. Bliss, Tx

» PEO aged in the laboratory under accelerated conditions

FT-IR provides excellent prediction of the PEO additive concentration in new, unused PEO. PEO
additive concentration in used PEO was confounded by interfering absorptions. No correlation was

found between FT-IR of used PEO and performance of used PEO in the three bench tests.

A. Accelerated Aging of PEO

To accelerate evaluations of PEO lubricants, accelerated laboratory tests were performed on two MIL-
PRF-21260D preservative engine oils (23882 and 23883) that were prepared from Grades 1 and 2 base
stocks, respectively. Components of these lubricants were used earlier to develop the various calibra-
tion models to measure the PEO additive in these products. Accelerated tests were conducted to relate
the results of the rapid laboratory tests to the operating engines. The preservative oil samples were
stressed at 150°C for over 20 hours in the laboratory under oxygen atmosphere. The stressed samples
were quenched, the oxygen consumed during the stress periods and the lubricants’ TBNs were mea-

sured, and the samples’ resistance to corrosion was evaluated and their FT-IR spectra were collected.

The accelerated test results indicate good correlations between actual and FT-IR predicted stress dura-
tion (minutes or hours) and oxygen consumption (micromoles) by the lubricant samples. Correlation
between the measured and predicted TBN results were poor, as indicated by the relatively high error,
SEP(CV), and low correlation, R2, values (Table 29). During the approximately 20 hours of oxidative
stress, the samples’ TBN decreased from about 7 to about 3 mg KOH/g. Table 30 summarizes these
samples, their stress periods and analytical data. Note, during these oxidation experiments lubricant
No. 23882 used more oxygen and had lower TBN values than lubricant No. 23883. This may result
from the compositional differences between the two base stocks; the more aromatic, higher sulfur con-
taining No. 23882 is more susceptible to oxidation than the more paraffinic, lower sulfur content No.

23883. Figure 19 compares the raw oxygen consumption data.
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Table 29. Calibration Summary for Stress Samples of
Preservative Engine Oil Nos. 23882 and 23883

F @ PRESS (min) Calibration (F @ p<0.75)
Property _F_ SEP (CV) R? F SEP(CV) R’
stress time, minutes 5 55.85 0.9811 4 64.56 0.9749
oxygen pickup, umole 5 10.56 0.9767 4 12.36 0.9675
total base number 3 0.78 0.8112 2 0.81 0.7924

Notes:

MIL-PRF-21260D, SAE 30 preservative engine oils:

No. 23882 from Grade 1 base stock
No. 23883 from Grade 2 base stocks
PRESS predicted residual sum of squares
SEP(CV) standard error of prediction, cross validated
F factors = terms in equation to model property
P F-statistic probability
R? squared correlation coefficient
Table 30. Preservative Oils Stressed at 150°C Under Oxygen
Lubricant Sample Stress time 0? TBN® Humidity
ID ID minutes ° umole mg KOH/g S.W. Cabinet
23880 23880 na na 7.87 2P 2F
23882 DN33 0 0.00 7.30 2P 2P
DN34 122 15.03 7.70 2P 2P
DN35 240 52.80 7.28 2P 2P
DN36 371 71.79 6.33 2P 2P
DN37 484 95.84 6.32 2P 2P
DN38 602 116.34 4.28 2P 2P
DN39 724 131.09 4.50 2P 2P
DN40 856 156.48 4.01 2P 2P
DN41 981 175.57 3.60 2P 2P
DN42 1095 189.55 3.25 1P/1F 2P
DN43 1225 202.92 3.00 1P/1F 2P
23881 23881 na na 7.37 2P 2F
23883 DN44 0 0.00 7.26 2P 2P
DN45 123 21.27 6.85 2P 2P
DN46 - 254 40.73 6.99 2P 2P
DN47 366 58.39 6.61 2P 2P
DN48 480 68.05 6.37 2P 2P
DN49 596 81.64 6.43 2P 2P
DN50 712 95.19 4.23 2P 2P
DN51 848 110.94 3.83 2P 2P
DN52 972 125.51 3.77 2P 2P
DN53 1085 134.45 341 2P 2P
DN54 1205 143.93 3.28 2P 2P
Notes:
23880 MIL-L-2104-F precursor of MIL-PRF-21260-D lubricant No. 23882
23881 MIL-L-2104-F precursor of MIL-PRF-21260-D lubricant No. 23883

total base number

corrosion protection test by salt-water immersion method

result code: XY, where X=number of sides of specimen; Y=Pass or Fail
corrosion protection test by humidity cabinet method
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Figure 19. Oxygen Consumption of MIL-PRF-21260-D Preservative Oils at 150°C

It was expected that during the laboratory stressing of the preservative engine oil at 150°C under oxy-
gen, as the samples’ TBN values decreased, the PEO additive concentration would also decrease. As
noted earlier, FTI-IR calibration models for PEO additive in Grades 1 and 2 SAE 30 base stocks and in
the corresponding MIL-L-2104-F lubricants (procured from the manufacturer of this additive) have
already been developed. When the artificially aged samples were used as validation samples for the
various FT-IR models for the determination of PEO additive concentrations, the results were inconclu-
sive. While the calibration model using the 1,275-790 cm! spectral region gave additive concentration
values in the expected range, all these predicted values were identified as “outliers,” /.., suspect to be
unreliable values by the computer program. Additionally, most predicted values increased with increas-
ing stress duration, an absurd conclusion. Apparently, these lubricants produce oxidation products that

interfere with measurements of PEO additive as measured by FT-IR models.

The SW and HC tests were used to evaluate teh performance of these new and stressed lubricants. Four
unoxidized lubricants were used to provide a baseline for the corrosion protection tests: two fully

formulated MIL-PRF-21260-D lubricants (Nos. 23882 and 23883), and the corresponding MIL-L-
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2104-F products that were identical to these samples, except that they did not contain the preservative

additive (Nos. 23880 and 23881).

All four unoxidized products passed the SW test. In the HC test, the MIL-L-2104-F lubricants failed
after six hours of exposure, in contrast to MIL-L-21260-D lubricants that passed this test even after 30

days of exposure in the cabinet.

All oxidized samples of lubricant No. 23882 passed the SW if oxidized up to 16 hours, failing on one
side oniy after 18 hours of oxidation. All samples of No. 23883 passed this test. According to the HC
results, the severe oxidation applied to these samples did not reduce their corrosion protection capabili-
ties. This finding indicates that, under the applied experimental condition and duration, corrosion pro-
tection does not seem to be substantially affected by the oxidation of these samples. Longer oxidative

stress periods may further reduce the TBN values, which might result in loss of corrosion protection.

Results of this investigation indicate the following:

+  Excellent calibration models may be obtained to quantitatively determine the concentration of pre-
servative engine oil additive in various base stocks and finished products.

Using the FT-IR spectral range of 1,275-790 cm! provided the best calibration models.

 The calibration models gave more precise data if the models were derived from the same compo-
nents as those of the unknown lubricant, i.e., these models should be used under trend-analysis
conditions instead of using them for the analysis of random field samples.

«  Oxidation of these products at 150°C under oxygen for up to about 20 hours reduces the TBN values
from about 7 to about 3 mg KOH/g of sample, but does not seem to affect the corrosion protection
provided by these lubricants, as determined by SW or HC tests. However, extended oxidation with
resultant further reduction in TBN values may cause reduction in corrosion protection that these
lubricants provide, thus providing correlatable data.

+  Available engine test data do not correlate with FT-IR data.

Previous thermal aging of preservative oils AL-23882-L and AL-23883-L in pure oxygen at 150°C for
up to 50 hours had little or no effect on the oil’s corrosion protection capability. As a result, a longer
oxidative stress period was proposed for evaluating the stability of the corrosion inhibiting additive.
Samples of the preservative oil AL-24841-L were stressed at 150°C in pure oxygen for 162 hours.
Samples were withdrawn from the reactor at regular time intervals over the 162 hour stress period. Ten
5 mL oil samples were sealed in 14.5 mL glass ampules with head space consisting of pure oxygen. The

glass ampules were purged with oxygen, cocked. They were flame sealed immediately upon removal of
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the cork. The ampules were stressed in an isothermal reactor at 150°C . Ampules were removed from
the reactor every 16 hours (average time interval) for the duration of the test. Oxygen consumption in
each sample was determined by measuring the pressure inside the ampule. The pressure change was
assumed to be proportional to the amount of oxygen consumed. Table 31 shows oxygen consumed,

change in TBN, and the HC and SW tests with stress duration.

Table 31. Preservative Qil AL-24841-L Stressed at 1 nder an Oxygen Atmosphere |
Time TBN, D4739 Oxygen Humidity | Humidity | Sea Water | Sea Water
(Hours) | mg KOH/gr. | Consumed Cabinet Cabinet | Immersion | Immersion
Micromoles Rating | Test Rating | Test Rating
0 8.08 0 1P/ME 20 2-P 1.0
19.5 1.99 206.6 2F 7.5 2-P 2.0
30.0 1.48 232.7 2F 9.0 2-P 2.0
43.0 1.27 243.7 2F 9.0 2-F 35
54.0 1.40 249.2 2F 9.0 2-F 7.0
67.5 0.99 240.4 2F 9.0 2-F 4.0
82.0 1.20 239.9 2F 9.0 2-F 8.0
95.0 1.27 237.2 2F 9.0 1-P/1-F 5.0
108.7 0.97 231.1 2F 9.0 2-F 5.0
132.2 1.25 232.8 2F 9.0 1-P11-F 45
162.9 0.98 225.1 2F 8.5 2-F 75
P=Passed Test, F=Failed Test, Tests were performed in duplicate

Previous stressing experiments on preservative oil have shown that oxygen consumption is relatively
linear in the first 15 to 20 hours at 150°C. Beyond 20 hours, oxygen uptake slows down and essentially
stops. The total available oxygen in an ampule was about 370 micromoles, so the oxidation essentially
ceased after about 64 percent of the oxygen was consumed. It is believed that oxidation inhibitors

produced during the oxidative stress are responsible for slowing the rate of oxidation.

Table 31 also shows TBN decreasing from 8 to 2 in the first 20 hours of oxidative stress. It appears that
the alkali additives in the oil are neutralized by carboxylic acids formed from oxidative stressing. While
the alkali additives were essentially depleted in 20 hours, the oil still passed the SW test after 30 hours
of oxidative stress. The HC test failed after 20 hours of oxidative stress, suggesting that the zinc corro-
sion inhibitor could not prevent corrosion after the TBN dropped below 2. On the other hand, according

to the SW test, the corrosion inhibitor continues to prevent corrosion well after the TBN falls below 2.

The conclusion of this experiment is that the corrosion inhibitor has a limited life of about 30 hours
when the oil is stressed at 150°C. It is still unknown whether failure is caused by decomposition of the

corrosion inhibitor or an overwhelming acid buildup in the oil.
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VIl. FIELD VALIDATION INVESTIGATIONS

The corrosion protection performance of MIL-PRF-21260 oil was determined from two field locations.

Two series of used PEO samples were provided by the USMC from equipment stored on-board ships.

Additionally, a controlled field validation test of PEO was conducted at Ft. Bliss, Tx.

A

USMC Samples

Batch 1 — Thirty used engine oil samples were received from the U.S. Marine Corps Pre-posi-
tioned ship refurbishing facility at Blount Island, FL (Batch #1, AL-24960 through AL-24989).
Blount Island personnel obtained the samples form a variety of tactical and combat equipment
(as shown in Table 32). The samples were analyzed at the TFLRF laboratory to determine their
remaining preservation qualities. Table 33 contains the analyses, while Table 34 contains the
panel ratings for the corrosion tests. Sample 16 (AL-24975) had only 1308 ppm Zn, somewhat
low for PEO.

Batch 2 — A second batch of 30 used oil samples were received from Blount Island. The samples
were obtained from 30 engines, 9 powershift (PS) transmissions, and 1 turbohydramatic (THM)
transmission (Table 35) Elemental analyses were conducted on the samples to determine if
preservative engine oil (PEO) appeared to be ﬁsed (Table 36). PEO can be identified by its zinc
content (usually > 1500 ppm). The 30 used oil samples were split into three groups based on
their zinc content. Group 1 had zinc content that was typical of PEO (14 samples). Group 2 had
a zinc content that was questionable (6 samples), and Group 3 had too low a zinc content to be
PEO (10 samples). Results of the PEO corrosion bench tests are presented in Table 37. Of the
Group 1 samples, 12 passed 2 or 3 of the 3 PEO bench tests, while 2 samples failed. Of the
Group 2 (questionable PEO) samples, 1 passed and 5 failed the PEO bench tests. Of the Group
3 (low zinc) samples, all 10 failed 2 or 3 of the 3 PEO bench tests. Four of the Group 1 samples
were from PS transmissions, and all passed the PEO bench tests. From Group 3 (low zinc), 4 PS
transmission samples and the lone THM sample failed the PEO bench tests. Overall, equipment
lubricated with PEO retained its preservation properties, while samples with low zinc content

failed the PEO bench tests.
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B. Field Evaluation of PEO at Ft. Bliss, Tx

Field demonstrations were conducted from August 1997 through November 1998 at the following Ft.
Bliss, Tx locations: McGregor Missile Range Basecamp, U.S. Army Reserve Equipment concentration
Site (ECS) No. 87, and the Intermediate Maintenance Division (IMD), 1 Combined Arms Support
Battalion (IMD Motor Pool, Mesa Grande Range and Dona Ana Range). Photographs of representative
equipment are presented in Figures 20-22. A total of 27 vehicles and equipment were converted to PEO
in the crankcase, and used engine oils were periodically sampled. The used oil samples were analyzed

for preservation properties by conducting AN, SW and HC tests.

Eight additional used oil samples were taken at Ft. Bliss, Tx during the final visit in November 1998.
The used oil analyses are presented in Table 38. The results revealed that preservation properties mea-
sured by HC and SW were retained for as long as 3800 miles in an M931A2 truck and 215 hours ina
road grader. Protection in the AN test was generally lost early, even at low equipment utilization levels
(1 to 3 months). Based on the field demonstration data, the minimum operation time at which a used oil
failed the HC and SW tests was 84 hours. The field demonstration confirmed that extended oil drain

intervals are acceptable for preserved vehicles and equipment.

Figure 20. Representative Vehicle from Ft. Bliss
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Figure 22. Representative Vehicle from Ft. Bliss
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VII. CONCLUSIONS

The following overall conclusions were made from this project:

Used Preservative Engine Oil (PEO) exhibited excellent retention of corrosion protection in the Sea
Water Immersion (SW) and Humidity Cabinet (HC) Tests.

Corrosion protection in the Acid Neutralization (AN) test often disappears rapidly.

The AN test was designed to protect against corrosion specifically related to leaded gasoline com-
bustion products.

The AN test is not relevant today as unleaded gasoline is in use.

FT-IR (Fourier Transform Infrared) analysis is an excellent technique for determining quantitative
PEO additive concentration in new oil.

FT-IR technique was not valid for PEO additive content of used oil.

FT-IR and other methods investigated did not predict performance of used PEOs in bench corrosion
tests.

Corrosion protection was retained in the SW and HC tests for 12 months (end of test) under static
aging conditions.

Extended HC tests of used PEO revealed that HC protection was retained for 60 to 140 days (2-3
times the new oil requirement).

The field demonstration at Ft. Bliss, Tx revealed that corrosion protection in the HC and SW test
was retained for a maximum of 416.5 miles in an M931AZ and 215 hours in a road grader.

The minimum equipment utilization time at which used PEO from the Ft. Bliss test failed the HC
and SW tests was between 84 and 150 hours in a backhoe.

IX. RECOMMENDATIONS

Based on the results of this project, the following recommendations are offered:

Retain Acid Neutralization (AN) test in MIL-PRF-21260 to ensure Preservative Engine Oil (PEO)
quality.

Do not base PEO drains on AN test.

Extend PEO drains to at least 50 hours.

Modify Technical Manuals (TM) 38-450 and 38-470 to reflect the new oil drain interval.

Use PEO in active equipment for improved corrosion protection.

Continue investigations to develop a Go-No-Go (GNG) test for PEO, although this is not as critical
as previously thought because of the extended PEO drain interval.

Follow Army Oil analysis Program (AOAP) oil drain recommendations for oil contamination crite-
ria. AOAP does not address the remaining preservation characteristics of used PEO.

Add the new panel rating procedure to MIL-PRF-21260 to better define oil performance.

X. COST-BENEFIT ANALYSIS

There are approximately 30,000 pieces of equipment in storage. Based on vehicle exercising schedules

and a 5-hour oil drain criterion (2,3), 10,000 oil changes per year would be expected. By extending the

oil drain interval from 5 hours to 50 hours, it is estimated that 80% (8,000) oil drains/year would be

avoided. Saving 8,000 oil drains per year would save $526,500/yr, as shown in Table 39.
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7.
8.

9

Table 39. Estimated Savings & Benefits for Preservative Engine Oil Life Program
(Avoiding 8,000 oil changes/year)

a. reduced volume used oil/yr
est. 70,000 gal [approx 8,000 oil changes]
est. used oil disposal cost is $1/gal

70,000 gal x $1/gal = $70,000 ........ccorninicccnnnnns 70,000
b. reduced used oil filter disposal cost

8,000/yr x $0.5/unit = $4,000 ........ccconvrrrecicinnnnine 4,000
c. reduced oil procurement cost

70,000 galfyr x $3.75/gal = $262,500 ................. 262,500
d. reduced oil fiter procurement cost

8,000 X $15/unit = $120,000..........ccevririennrne 120,000
e. reduced maintenance labor

8,000 x changes x 0.5 hr x $17.50/hr = $70,000 .. 70,000

Total COStAVOIAANCE ........cooveeiecrrriiee et e s $525,500/yr
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